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Objectives: Coordination of multidisciplinary care is critical to address the complex needs of people with neuro-
logical disorders; however, quality improvement and research tools tomeasure coordination of neurological care
are not well-developed. This study explored and compared the value of social network analysis (SNA) and rela-
tional coordination (RC) in measuring coordination of care in a neurology setting. The Department of Veterans
Affairs Healthcare System (VA) established an Epilepsy Centers of Excellence (ECOE) hub and spoke model of
care, which provides a setting to measure coordination of care across networks of providers.
Methods: In a parallel mixedmethods approach, we compared coordination of care of VA providers who formally
engage the ECOE system to VA providers outside the ECOE system using SNA and RC. Coordination of care scores
were compiled from provider teams across 66 VA facilities, and key informant interviews of 80 epilepsy care
team members were conducted concurrently to describe the quality of epilepsy care coordinating in the VA
healthcare system.
Results:On average,members of healthcare teams affiliatedwith the ECOE program rated quality of communica-
tion and respect higher than non-ECOE physicians. Connectivity between neurologist and primary care providers
aswell as between neurologists andmental health providers were higherwithin ECOE hub facilities compared to
spoke referring facilities. Key informant interviews reported the important role of formal and informal program-
ming, social support and social capital, and social influence on epilepsy care networks.
Conclusion: For quality improvement and research purposes, SNA and RC can be used tomeasure coordination of
neurological care; RC provides a detailed assessment of the quality of communication within and across
healthcare teams but is difficult to administer and analyze; SNA provides large scale coordination of care maps
andmetrics to compare across large healthcare systems. The twomeasures provide complimentary coordination
of care data at a local as well as population level. Interviews describe themechanisms of developing and sustain-
ing health professional networks that are not captured in either SNA or RC measures.
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1. Background

Improving care coordination among clinicians is a major strategic
goal in reforming the healthcare system [1]. Effective coordination be-
tween primary care and specialty care practices have been highlighted
by the American College of Physicians as essential to patient-centered
care [2]. The Institute of Medicine has emphasized the importance of
ven, CT 06516, United States of

).
coordination of care, including “comanagement for patients with co-
morbid conditions whose care may cross specialty boundaries”.

Despite calls for improved coordination of care over the last two de-
cades, research examining healthcare provider interdependencies and
communication, especially as related to neurological subspecialty care,
remains limited.

Social network analysis (SNA) and relational coordination (RC) are
two approaches for examining coordination of care between providers.
Social network analysis methods have been validated to specifically
quantify physician-to-physician patient sharing patterns; SNAmethods
also reflect the level of information-sharing across physicians [3,4]. In
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contrast, RC is a mutually reinforcing process of communicating and re-
lating for the purpose of task integration whereby work is coordinated
through relationships of shared goals, shared knowledge, and mutual
respect [5]. Specifically, RCmeasures quality of communication, charac-
terized as frequent, timely, accurate, productive, and problem-solving. It
also measures the level of shared goals, shared knowledge, and mutual
respect [6], across all members of the healthcare team (not only physi-
cians). Relational coordination provides a global measure of interper-
sonal coordination as well as in-depth information of the functional
roles and attitudes of each health professional.

Social network analysis measures physician connectivity by
extracting administrative data from electronic health records (EHR)
[4,7,8]. Connectivity is defined by the number of shared patients be-
tween physicians, and the more patients shared, the more likely the
connected physicians seek “informal clinical advice” from each other
[4]. Greater numbers of shared patients are theorized to offer more op-
portunities for information exchanges between providers,which in turn
may influence provider behavior, resulting in higher quality of care [8].

Unlike SNA, RC requires original data to be collected by healthcare
providers; these data cannot be extracted from the EHR [9]. The RC sur-
vey collects detailed information about communication and functional
roles in a 360-degree approach (every healthcare provider and staff
evaluates the communication and functionality of everyone else in the
team); RC has been linked to information sharing as well as efficiency
and quality of care [10].

The purpose of this study is to demonstrate the value and limitations
of SNA and RC for measuring coordination of care as well as for learning
from healthcare team members' on-the-ground experience with epi-
lepsy care coordination. We demonstrate the use of SNA to capture
the network of provider relationships in a large national healthcare sys-
tem and to evaluate the nature of communication among the same phy-
sicians as well as their respective multidisciplinary team. We use RC to
investigate the individual relationships between members of a
healthcare teamwithin an organizational unit.We draw from key infor-
mant interviews to explore individuals' experienceswith care coordina-
tion and develop newunderstanding of how andwhy RC and SNAare, or
are not, similar and how each method can be used most effectively.
2. Methods

2.1. Design

A parallel mixed methods design was employed to explore similari-
ties and differences between two approaches for assessing epilepsy care
coordination. We identified providers who had at least one clinical en-
counter with patients with epilepsy, and calculated the number of
shared patients between providers in the SNA using Veterans Health
Administration (VA) administrative data. Data collection for surveys
and interviews assessing RC in a purposive sample, which focuses on
key stakeholders involved in care processes [11]. As opposed to ran-
domly surveying or interviewing healthcare providers, we specifically
selected those in epilepsy care within the VA healthcare system. Sur-
veys and interviews of VA epilepsy providers and nonprovider team
members were conducted in parallel to the SNA data collection. The
RC and SNA data were analyzed independently to determine the extent
that concepts relevant to each framework emerged. Furthermore, in-
depth interviews were conducted to better ascertain factors that influ-
ence coordination of epilepsy care and to assess how these factors are
captured by RC and SNA. Additional details of the study are published
elsewhere [12].

2.2. Setting, recruitment, and data collection

We conducted our study in the VA Epilepsy Centers of Excellence
(ECOE). This national program provides comprehensive care for
Veterans with epilepsy by coordinating care between “hub” ECOE facil-
ities and “spoke” referring facilities. Primary care providers as well as
neurologists refer Veterans to epilepsy specialists located at ECOE facil-
ities for seizure work-up and/or management. We developed a partici-
pant pool of 750 healthcare professionals involved in epilepsy care by
compiling national lists of neurologists, ECOE clinicians, staff, and
workgroups, email distribution lists, and physicians listed in the 2012
Federal Practitioner Directory. We employed Dillman's tailored design
method to recruit participants [13]. An invitation to participate in the
study was emailed to the list and followed by subsequent emails with
a link to an online survey hosted by Research Electronic Data Capture
(REDCap®). Survey data were collected during a 2-month period from
February–March, 2013. Interviews were conducted from February–
May, 2013. Social network analysismappingwas conducted for encoun-
ters complete in 2013.
2.3. Social network analysis

Data for SNAwere extracted from the VA Corporate DataWarehouse
on all Veterans with a diagnosis indicative of seizures (International
Classification of Diseases, Ninth Revision [ICD-9] codes 345.X, 780.39)
who are seen by neurologists and other health providers at 66 of the
152 VA medical centers that were sent surveys. Other providers in-
cluded primary care, internal medicine, medical subspecialties,
physiatry, surgical subspecialties, and mental health. Neurologists and
other providers had to complete at least one inpatient or outpatient en-
counter with a shared patient with epilepsy, respectively, in fiscal year
2013 to be included. Patient encounters were aggregated to identify
all physicians who had either seen a given patient or been involved in
a consultation. Connections (edges) between providers were defined
by the number of shared patients between two respective providers;
shared patients form edges between providers (Fig. 1). Among the com-
monmeasures of how connected or influential a provider is in a defined
network of providers are node degree (which may be adjusted by the
size of a facility), betweenness centrality, and closeness centrality [14].
The node degree for each provider is calculated by summing the total
number of edges of each provider. Node degree of each facility was cal-
culated by summing node degrees for all providers at that facility. Ad-
justed node degree of neurologists was calculated by dividing the
average degree within the facility by the total number of neurologists
in a given facility. Betweenness centrality is the proportion of paths be-
tween two providers that go through a provider of interest; it measures
howmuch a provider connects two other providerswithin the network.
Closeness centrality is the sum of the shortest paths between any two
providers within a network; it reflects how accessible a provider is to
all other providers. Visualizations of VA facility networks are produced
using Fuchterman Reigngold layout in Gephi 0.9 [15].
2.4. Relational coordination

The RC score is a composite of 7 dimensions measuring attributes
believed to be important in coordinating interdependent work: com-
munication frequency, accuracy, timeliness, and problem-solving vs.
blaming communication; shared knowledge, shared goals, and mutual
respect. Each dimension is scored by individual team members (range
1–5, with 5 being themost favorable score, and 4 and above considered
as strong scores). We modified Gittell's 2009 survey to gauge RC across
the nationwide network (i.e., system level) by asking participants to
rate epilepsy care team members at their own site (‘at your station’;
hereafter, intrafacility) and at a site where their patients' care is also co-
ordinated where the patient has been previously referred (‘at another
station’; hereafter, interfacility). Referrals made to providers at one's
own facility are designated intrafacilitywhile referrals made to another
facility are designated interfacility.



Fig. 1. Measuring physician networks using social network analysis. a) Each circle (node) represents one physician and each line represents a connection, as defined by number of shared
patients, to another physician. For instance, with a node degree (ND) = 1, the physician shares a patient with one other physician. ND= 5 connotes the physician of interest shares at least
one patient with five different physicians. b) SNA physicianmaps are created by linking shared patients to physicians. c) SNAmaps of physician networks demonstrate how connections occur.
Adapted from: Altalib HH, Fenton BT, Cheung KH, PughMJ, Bates J, Valente TW, Kerns RD, Brandt CA. Care coordination in epilepsy: Measuring neurologists' connectivity using social network
analysis. Epilepsy & Behavior. 2017 Aug 1;73:31-5.
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2.5. Qualitative analysis

We designed a 13-question semi-structured interview guide to ex-
plore concepts related to the restructuring of epilepsy care in theVA. Ex-
amples include, “Can you describe the care journey of a patient with spells
or seizures who is referred either for evaluation to your facility or to an Ep-
ilepsy Center of Excellence?”; “How satisfied are you with the referral pro-
cess?”; “Can you tell me about your understanding of the Epilepsy Center of
Excellence network and how your facility fits within it?”; “Howhas the care
youprovide and/or role youplay changed over the past two to three years?”

Key informant interviews of epilepsy care teammembers from facil-
ities invited to participate in the surveys (i.e., epileptologists, neurolo-
gists, nurses, electroencephalograph [EEG] technicians, pharmacists,
neuropsychologists, psychologists, and administrative officers [AO])
were conducted by one researcher (KM). A constant comparative
method [16] was used and interviews continued until data saturation
was reached where no new themes emerged. Interviews were digitally
recorded, transcribed verbatim, and edited for clarity, consistency, and
anonymity. All data were managed in NVivo qualitative data analysis
software (QSR International Pty Ltd. Version 10, 2012).

Our analytical approach for this analysis was based on a directed
content analysis methodology [17]. Coding was conducted in two
phases. Deductive codes based on a literature review of social networks
in healthcarewere developed by the lead investigator, HA, a dual board-
certified neurologist and psychiatrist. Two researchers (EB, an anthro-
pologically trained research associate, and KM, a social psychologist) in-
dividually coded all transcripts and assessed agreement. Any
discrepancieswere resolved byHL, a healthcare organizational scientist.
The final coded material was reviewed by the team, which included a
health services researcherMJP, in a series of weekly meetings to discuss
clarity, consistency, and accuracy of coding and emerging themes.
Table 1
Relational coordination scores.

Relational coordination N M SD Range Spearman
correlation

p-Value

RC system level 41 3.79 0.52 2.43–4.63 0.356 0.022⁎

RC intrafacility 40 3.98 0.54 2.71–5.00 0.260 0.105
RC interfacility 37 3.69 0.50 2.43–4.57 0.247 0.140
RC neurology/system level 41 3.89 0.63 2.43–5.00 0.337 0.031⁎

RC neurology/intrafacility 39 3.96 0.59 2.71–5.00 0.313 0.052
RC neurology/interfacility 15 3.72 0.55 2.43–4.71 0.416 0.123

⁎ p values of b0.05.
3. Results

The SNA and RC scores were analyzed in 66 facilities (15 ECOE hub
facilities and 51 spoke facilities). Of the 750 requests for RC surveys,
203 initiated the survey, 38 were eliminated because they were incom-
plete or duplicated surveys with a completion rate of 165/750, or 22%.

For these analyses, we purposively sampled surveys from 57 pro-
viders including 39 general neurologists, 13 epilepsy specialists, and 5
nurse practitioners, physician assistants/associates, or clinical pharma-
cists. As the perceptions of clinical staff were deemed necessary for ac-
curate assessment of patient coordination, facilities with surveys from
only administrative personnel or EEG technicians were dropped from
the analyses.
3.1. Social network results

Table 1 compares SNAmetrics across all VA facilities nationally. Across
VA facilities, neurologists were found to be higher on average node de-
gree, betweenness, and closeness centralitymeasured followedbymental
health professionals, then primary care. Furthermore, providers, across
disciplines, had higher centrality measures in ECOE hubs compared to
spoke referral facilities and nonaffiliated networks (Table 1).

However, in spite of the above general trends, facilities had a variety of
network configurations. Fig. 2 demonstrates different configurations of
coordination of care in five different VA facilities. In Fig. 2a, patients
with epilepsy are shared evenly between neurologists. Blue nodes
representing neurologists in Fig. 2b are relatively larger compared with
the other nodes, indicating that they share markedly more patients with
epilepsy compared to the other provider types. In the facility represented
in Fig. 2c, one neurologist appears to coordinate the majority of epilepsy
care relative to the other neurologists. In Fig. 2d, several of the internal
medicine specialists (in yellow) are relatively larger and coordinate
disproportionally more patients with epilepsy than other internists as
well as primary care providers. In Fig. 2e, the psychiatrists appear to be
more tightly connected (relatively closer to the center) compared to psy-
chiatrists in other facilities.
3.2. Relational coordination

Table 2 presents descriptive analysis for relational coordination
scores. Average RC scores ranged from 3.72 (interfacility neurology) to
3.98 (intrafacility overall), which is at the higher end of the RC scale;
there were no individual scores under 2.43. In contrast, adjusted node
degree had an extremely wide range, revealing low- and high-
connected sites. The RC scores were higher among neurologists and
epileptologists within ECOE affiliated facilities compared to those out-
side the ECOE system. Specifically, epileptologists outside ECOEs scored
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Fig. 2. Social network physician maps of five VA facilities. Nodes are color coded by physician specialty: blue, neurology; turquoise, internal medicine; yellow, primary care; and red,
psychiatry.
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Table 2
Social network analysis of epilepsy coordination of care in VA facilities nationwide.

Region Provider Min⁎ Max Median Average Standard deviation

A Average Node Degree

ECOE

All⁎⁎ 2.21 140.88 11.24 21.99 28.07
IM 3.8 27.95 12.54 13.51 6.93
NEURO 12.63 140.88 57.54 62.11 36.32
PCP 2.21 22.31 7.97 10.04 6.38
MH 2.43 16.08 6.82 7.33 3.29

Non-ECOE

All 1 85 6.76 12.75 16.32
IM 2.14 47.33 9.30 10.76 7.79
NEURO 7.5 85 43.32 42.92 21.79
PCP 1 16.43 4.15 5.45 3.88
MH 1 13.18 4.8 5.64 3.51

Region Provider Min Max Median Average Standard deviation

B Average Closeness

ECOE

All 0.51 2.73 1.43 1.44 0.36
IM 0.93 2.73 1.36 1.46 0.41
NEURO 1.1 1.72 1.33 1.34 0.19
PCP 0.51 1.94 1.5 1.38 0.43
MH 0.92 2.17 1.60 1.56 0.35

Non-ECOE

All 0 1.92 1.25 1.21 0.37
IM 0.69 1.87 1.28 1.22 0.34
NEURO 0.76 1.84 1.32 1.26 0.27
PCP 0.36 1.86 1.12 1.17 0.41
MH 0 1.92 1.21 1.19 0.42

C Average Betweenness

ECOE

All 0 1904.83 14.41 120.08 322.56
IM 3.94 66.31 35.23 31.15 22.12
NEURO 15.96 1904.83 305.11 469.09 563.36
PCP 0.03 48.83 6.31 14.07 17.23
MH 0 37.75 4.35 9.62 11.75

Non-ECOE

All 0 813.04 4.81 41.69 110.88
IM 0 56.55 15.42 18.53 14.64
NEURO 6.31 813.04 164.81 224.60 202.29
PCP 0 26.23 0.93 4.13 6.43
MH 0 12.33 1.63 2.81 3.10

⁎ Minimum average node degree with facilities that had neurologists. Some facilities
did not have neurologists listed, and so the node degree for them was 0.
⁎⁎ Allmeans only the four specialties listed here because datawas not analyzed for the others.
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lower in timely and accurate communication as well as understanding
and respecting other professionals' roles compared to those inside
ECOEs. Similarly, neurologists outside of ECOEs had a score indicating
Table 3
Social network analysis constructs, references, and exemplar quotes.

Social network analysis Definition Refe
308

Health Provider Social
Network

Social structures of individuals and groups. How
structures, processes, and functions support
interdisciplinary cooperation

94/4

Social Support/
Social Capital

How social support and social capital (particularly in the
context of stressful or challenging situations) influences
health services and healthcare delivery

13/1

Social Influence
How actors (other providers) influence healthcare
behavior (e.g., diagnostic and treatment practices)

15/1

Information
Sharing/Transmission

How information is exchanged or transmitted across
healthcare providers

80/4

Interorganizational
relationships

How different agencies and organizations (as opposed to
individuals) are connected and/or share resources

107
lower levels (b4) of accuracy in communication, the amount known
about other people's roles, and the amount of blaming versus solving
problems compared to those within ECOEs (Table 4).
3.3. Qualitative results

Table 3 present the themes, number of references (i.e., content
coded to the node), sources (i.e., interview transcripts), and exemplar
quotes from 80 participants' transcripts. Participants included 52 neu-
rologists, 2 primary care providers, 14 nurses, 6 EEG techs, 4 AOs, and
2 other roles. Participants were employed at 66 VAmedical centers, in-
cluding 15 ECOEs and 25 of 51 spokes surveyed. All transcripts had at
least one coded reference. The SNA themes and subthemes are pre-
sented along with exemplar quotes and consideration of strengths and
weaknesses of SNA and RC for assessing these constructs.
4. Health provider social network

The VA, aswith any healthcare system, has both formal and informal
professional networks. Informal networks may be based on provider
preference and proximity; for instance, primary care providersmay pre-
fer to consult a neurologist that they know or have had a positive expe-
rience with in the past. The ECOE is an example of a national formal
network established to promote coordination of epilepsy care across
VA facilities. In this system, smaller VA facilities are expected to refer
to tertiary VA facilities that are within their region for advanced care
such as epilepsy specialty care. The hub and spoke organizational struc-
ture of ECOEs provides an excellent example of designing amodel to op-
timize coordination of care.
4.1. Networking for clinical care

In the interviews,we asked providers about their experience regard-
ing the effectiveness of the ECOE network. Several providers noted that
the ECOE network linked clinicians and staff beyond geographical con-
straints (regionally and nationally). Creating the network was seen as
rences/sources
/80

Exemplar quote

2

We have comanagement with neurologists at other facilities and we
have comanagement with the primary care at our facility. We have
certainly talked locally about models of involving primary care
more for these and other patients. – P79, Epileptologist, ECOE

3

We are trying to set up a team. You need a psychiatrist who
specializes in this condition and a neurologist who specializes in
this condition so that we do not undercut each other and we work
together. The patient can play them off each other if you don't have
a team approach. – P25, Neurologist, ECOE

1

Another thing that has helped me a lot is the group of physicians
from another region and the monthly teleconference we have to
review cases. I feel like we have a set of colleagues who are experts
in the field to whom I can go to and run cases by them—that is really
helpful to me. – P56, Epileptologist, Spoke

6

What we have done is that we have actually established many
interfacility consults. We are working in close collaboration with
these referring neurologists and making sure that they are able to
see our notes, our reports, and our recommendations on how to
follow up with the patients. – P63, Nurse Practitioner, ECOE

/49

I think the fourth biggest accomplishment is reaching out to the
community and participating more actively with the Epilepsy
Foundation here in this state. We have made a very good
connection. We had events combined where they come here to our
veterans for our support group. – P75, Epileptologist, ECOE



Table 4
Quality measures: respondent ratings of coworkers (means).

Coworker Timely
communications

Accurate
communication

Blaming or solving
problems

Amount known about my
role

Others respect my
role

Others share my
goals

Primary Care 3.5 3.8 4.0 3.2 3.6 3.5
General Neurologist 3.8 4.0 4.2 4.0 4.0 4.1
General Neuro Outside 3.5 3.5 ↓ 3.9 ↓ 3.3 ↓ 3.7 3.8
Epileptologist 4.1 4.4 4.3 4.3 4.3 4.4
Epileptologist Outside 3.7 ↓ 3.9 ↓ 4.1 3.6 ↓ 3.6 ↓ 4.1
Nurse Practioner/PA 4.2 4.5 4.5 4.3 4.5 4.4
Psychologist 4.0 4.2 4.3 4.0 4.3 4.3
ER Physician 3.8 4.0 3.7 3.6 3.9 3.8
Pharmacist 3.7 4.1 4.1 3.8 4.0 4.0
Clinic Nurses 4.2 4.2 4.2 4.0 4.1 4.1
EEG Techs 4.2 4.3 4.1 4.2 4.3 4.3
Administrative Personnel 4.1 4.2 3.9 4.0 4.2 4.3
Neurosurgeon 4.3 4.3 4.4 4.2 4.4 4.6
Neuroradiologist 4.0 4.1 4.2 3.7 4.0 3.9
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an important accomplishment by management and perceived by pro-
viders as critical for improving care.
“I think networking is important. Being part of one big group that
works together towards something is a lot more efficient than being
by ourselves becausewe are sharing our experiences and resources.”
– P80, Neurologist, ECOE

The formal nature of the ECOE seemed to facilitate strong physician-
to-physician connections directly related to patient care and coordina-
tion of care. Some epileptologists talked about forming deeper profes-
sional relationships with referring physicians by establishing direct
relationships, sometimes comanaging patients.

“When first started we didn't know the names of the neurologists
who refer to us. We started tracking people who refer to us and de-
veloped that relationship. That took time.” — P45, Epileptologist,
ECOE

The ECOE specialists identified providers within their regions and
established more personal relationships with referring providers and
created new relationships with providers, particularly those in rural
areas. Social network analysis measures should reflect any increase in
referrals and shared patients while RC may reflect an increase in com-
munication across providers because of increases in clinical care.
“Areas of the country where the pool of specialists are not as heavy have
benefited from having gained access to specialists remotely. I think that
has rolled over to the patient as well. A key example is tele-EEG and
some of the tele services that have been implemented to allow access
for our Veterans to the specialist.” — P68, Epileptologist, ECOE

4.2. Networking outside of clinical care

Relational coordination and SNA do not directly capture the degree
of professional networking that occurred outside of clinical care. For in-
stance, beyonddirect patient care, the ECOE developed a number of pro-
grams andworkgroups that promoted professional social networks that
involved administrative, educational, and research collaborations. Some
workgroups developed standard operating procedures, instructional
manuals/videos, pocket guides for antiepileptic drug prescribing as
well as providing encouragement and professional development.

“Epilepsy monitoring units (EMU) as part of the regular neurology
unit are pretty common. We needed to provide training to nurses
who care for those patients to make sure it is as safe as possible.
We've had a lot of collaboration from nurses which led to
development of the EMU safety video and a standardized nursing
competency checklist.” — P71, Nurse Practitioner, ECOE

Research collaborations that did not exist before the establishment
of the ECOE may have been promoted directly by the ECOE research
workgroup as well as indirectly by data collected across facilities. How-
ever, these social networks between providerswould not be captured in
either the SNA or RC measure directly.
“We have a coordinated network that gives us research opportu-
nity.” — P76, Epileptologist, ECOE

4.3. Provider social networks and SNA/RC

Health provider social networks increase efficiency, resource shar-
ing, and knowledge transfer. Social network analysis may reflect in-
creases in referrals and shared patients. Relational coordination may
reflect increases in communication and quality of relationships between
providers. Finally, while SNAmay not reflect increased research collab-
oration, RC may indirectly be impacted by increased communication
across facilities and neurologists who are working on research projects
together because there are more regularly communicating with each
other.
5. Social support/social capital

5.1. Creating social capital

Professional identity was seen as critical to the implementation of
the ECOE. Several of the interviewees reported feeling connected to
the ECOE network and a sense of support from their colleagues and
that the network provided their service credibility.

“The ECOE promoted advocacy for epilepsy. Veterans in the hospital
know that this is a big thing, and the ECOE provides a stamp of ap-
proval for the care of epilepsy within our group.” — P57, Nurse Prac-
titioner, ECOE

Social support beyond physician support, such as social work, psy-
chology, nursing, and administration for communicating to patients en-
sured program goals were achieved.

“As a result of the center and having some time to organize, we have
been able to bring in some additional care providers to help provide
comprehensive care for patients, including an excellent social
worker who is invaluable in helping us get the patients to the care
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they need and take care of them in a more comprehensive fashion.”
— P40, Epileptologist, ECOE

Social support provided not only support for professional develop-
ment but also intangible benefits and increased understanding of care
coordination for patients with epilepsy. Social support seemed to be
linked to professional engagement and increased patient-centered care.

“It is very beneficial when the technicians have an opportunity to sit
and chat. We do not get to do it every time.” — P3, EEG Technologist,
Spoke

“It's an interdisciplinary clinic, and my role integrates psychology
and mental health with epilepsy. I have the neurologist, the
epileptologist, and the nurse practitioners there to help me under-
stand the special needs of patients with epilepsy.” — P61, Neuropsy-
chologist, ECOE
5.2. Managing barriers to building social capital

Limited funding to coordinate outreach and provide patient educa-
tion was cited as a barrier to developing social capital across providers.
Whilemost networking occurred through telephone orweb-based con-
ferences, face-to-face interactions were considered important for pro-
fessional development and knowledge transfer.

“I think it is pretty frustrating when it comes to cutting out monies
for travel and things that ECOEs are trying to do.” — P33,
Epileptologist, ECOE
5.3. Social support/social capital and SNA/RC

The sense of identity, being part of formal network facilitated collab-
oration, is not measured by either RC or SNA. Although neither RC nor
SNA directly measure social support or social capital, they may be af-
fected indirectly by variability in individual perceived social support
and social capital.
6. Social influence

6.1. Bridging gaps between agents

Providers report that educational programs in particular influenced
other providers as well as patients. Educational programs bought to-
gether specialists, generalists, patients, and external organizations
nationwide.

“The other good thing that has come out of this has been education
for providers in the area and patients about what to expect.” —
P16, Administrative Officer, ECOE

“It allowed me the opportunity to start to inculcate the staff with
more accurate notions about the nature of the underlying problem
of epilepsy and a more organized and systematic way of making
the diagnosis and separating out the various different kinds of con-
siderations in a clinical context.” – P11, Neurologist, Spoke

Variability in the degree of social influence across networks is dem-
onstrated when respondents, who are more socially connected to for-
mal networks, report appreciation of expertise and support offered by
other network members. Formal networks included workgroups
where ECOE hub and spoke providers were tasked with solving specific
problems such as advancing research or providing mental healthcare.
6.2. Managing barriers to social influence

Providers at spoke referral facilities felt more attuned to the ECOE
than providers not affiliatedwith the ECOE, and some expressed desires
formore opportunities to participate in the network. Clinicians and staff
across facilities often cited barriers to participation that arose from
scheduling conflicts between their clinical hours and educational op-
portunities. Several ECOEproviders noted that thewebsite served to en-
hance the ability of providers to connect to the centers.

6.3. Social influence and SNA/RC

The RC surveys may be useful for identifying barriers to social influ-
ence such as perceptions of infrequent or inaccurate communication,
and SNAmight be useful in identifying emerging networks of providers.

7. Information sharing/transfer

7.1. Using technology

Formal educational programs established by the ECOE including
teleconsultation were perceived as useful for information sharing
within the ECOE hub and spoke network. Educational materials were
created both nationally and by a number of working groups as gaps in
knowledge about coordinating epilepsy care became apparent. Many
of these educational materials were originally produced for one facility
but spread through the network to other ECOE hubs and spokes.

“We created videos and teaching guidelines for staff. Those are
things done on a national level.” — P71, Nurse Practitioner, ECOE

Furthermore, the centralized electronic health record was found to
be critical in information sharing. The EHR templates were developed
in several facilities for quality improvement and research purposes, for
example. Providers could access data fromother facilities and could pro-
vide complete documentation (e.g., imaging and reports) on a single,
nationwide system accessible to the referring physician.

“Remote data is the best thing since sliced bread. The fact that we
can look into charts in other states and see what is going on with
the patients is the biggest help in being able to get information on
patients. I cannot stress that enough.” — P15, Nurse Practitioner,
ECOE

7.2. Streamlining referrals

The referral process in the ECOE network was streamlined to ensure
timely care for veterans with epilepsy. The new referral process im-
proved the efficiency in patient–provider encounters. Moreover, the
EHR permitted providers to virtually consult with specialists, some-
times sparring patients the need to travel for an appointment and re-
ducing the number of hours spent at clinics. Progress notes in the EHR
typically contain detailed information and explanations as well as rec-
ommendations for ongoing care.

“Our e-consult system seems to help with referrals. We have an e-
consult template that the primary care or general neurologist com-
pletes. It requires them to order and get the EEG before they send
the patient so that our time is spent more efficiently.” — P71, Nurse
Practitioner, ECOE

7.3. Information sharing/transfer and SNA/RC

Complex and/or tacit knowledge (knowledge that is difficult to ex-
plicate) is transmitted effectively through strong relationships, and RC
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provides a directmeasure for themeans, quality and frequency of infor-
mation sharing. However, SNA does not directly show how information
is shared or the quality of communication between individuals.

8. Interorganizational relationships

Within a healthcare system, there are multiple levels of interorgani-
zational relationships including the following: within or outside a facil-
ity or region; within or across disciplines; and with stakeholders within
or outside the VA.

8.1. Facilitating relationships

Logistical processes such as electronic orders, electronic templates,
and travel coverage facilitated collaborations across hospital facilities.

“We have actually established many interfacility consults. Now
we're starting to get busy. The patients are being referred to us.
The word is getting out that we have the ECOE.” — P63, Nurse Prac-
titioner, ECOE

“The ECOE have allowed for collaborations of specialists across the
nation, not just the ones in the epilepsy center but other
epileptologists in the VA and those who are caring for epilepsy. It
has allowed for a network to collect information and to share infor-
mation, creating a network of sharing that I think has rolled over and
been a benefit to the patient.” — P16, Administrative Officer, ECOE

The ECOE programalsoworkswith other patient-centered advocacy
groups. These groups are viewed as essential for providing additional
patient education and support. Some facilities have regularly scheduled
classes/events and/or have an organizational member onsite. Many re-
spondents found these organizations to be invaluable for providing cur-
rent information to Veterans.

“I usually refer them to the Epilepsy Foundation or Epilepsy.com.
They are really helpful.” — P27, Nurse Practitioner, Spoke
8.2. Managing barriers

The primary barrier to interorganizational coordination was related
to contracting. We observed barriers to formalizing relationships with
the Epilepsy Foundation for providing educational/support facilities.
Sometimes bureaucratic barriers blocked or significantly delayed the
launch of a telehealth clinic:

“It was a huge challenge—you know how those things go.We had to
get memorandums of understanding and have people sign off. And
then sometimes that process would go so long it would go onto
someone else's desk and they would raise roadblocks. By that time
there would be change in clinic times at the remote site and we
would have to reorganize. It took a long, long time. I am guessing
nearly two years to get our first telehealth clinic happening.” —
P49, Epileptologist, ECOE
8.3. Interorganizational relationships and SNA/RC

The quality of interorganizational relationships is not effectively
identified in administrative data, highlighting a limitation of SNA. Rela-
tional coordination data can be used to assess information sharing be-
tween networked organizations. Social network analysis may also
prove inadequate for identifying other professional roles, such as
nurses, that are important for coordinating clinical care.
9. Discussion

As neurologists increasingly engage in quality improvement programs
andhealth services research, tools to effectivelymeasure the coordination
of neurological care will be needed. The primary advantage of SNA is that
it clearly visualizes and maps coordination of care (Fig. 2). The visualiza-
tions can show relationships between disciplines (such as neurology,
neurosurgery, primary care, and mental health); they can show changes
in relationships over time to determine the impact of an intervention;
and teams and/or facilities can be compared easily. Another advantage
of SNA is that provider relationships can be easily quantified in an auto-
mated way through an EHR. The primary and distinct limitations of SNA
include dependence on clinician encounters exclusively, so the role of ad-
ministrators and nurses in facilitating coordination of care cannot be
quantified or mapped. Furthermore, the most straight forward SNAmet-
rics (node degree and node strength)may not always reflect howwell in-
formation is exchanged or the quality of communication. The value of
node degree may be inflated if a provider refers many patients to many
providers while communicating poorly with the providers to whom he/
she refers.

The primary and distinct advantage of RC is that it provides a de-
tailed assessment of communication across all stakeholders of patient
care (Table 4). The primary disadvantage is the effort and resources re-
quired to collect RC data from each care team.

This study attempted to compare and contrast social network data
with RC data and qualitative interviews to explore and explain the ad-
vantages and disadvantages of SNA. Rather than speculate how SNA
and RC measures capture social network constructs, our qualitative
data provide insight into the experiences of providers within the net-
work. The semi-structured, key informant interviews illustrate the
many dimensions and factors that inform physician-to-physician social
networks, communication, and information sharing. Since SNA connec-
tions are simply defined by number of shared patients, the factors that
shape and inform provider connections (such as technology, training,
communication) are not directly measured. Interviews demonstrate
how SNA and RC are not able to capture the degree, and how informal
collaborations such as through research, educational programs, and
working on administrative committees enhance physician networks.
Furthermore, connections with administrative and ancillary staff play
a critical role in patient coordination and are not captured in the SNA
metrics. The qualitative data describing provider and staff experiences
also offer potential explanations of the variance in of SNA and RC scores
across facilities. In so much as facilities vary with the degree of profes-
sional networking (within and outside the clinical setting), fostering
professional identity and social capital, bridging communication gaps
between providers, optimally using technology for information sharing,
and leveraging interorganizational relationships, RC and SNA scores
may vary accordingly. While SNA is limited in that they do not provide
themechanisms of how provider communication may occur, it remains
valuable in offering a dynamic metric of connectivity that may be used
for large healthcare systems.
9.1. Limitations

The limitations of our research reflect the limitations of the applica-
tion of SNA and RC in the real world. For instance, the response rate for
RC at individual sites was relatively low; RC is optimally conducted in-
person at a site level with careful inclusion of all known roles across
the network. However, the amount of resources needed to conduct in-
person collection of date for RC is high. The small sample size is, at
least partially, due to the setting of this project as well. Only approxi-
mately one administrator, two to three EEG technologists, and one
nurse work at each facility; therefore, the range of RC scores is inher-
ently limited. Although RC scores can range from 1 to 5, all RC scores
had a narrower range of values, with no low scores, which in turn
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impact the correlation. In general, most results scored higher than ex-
pected and may have skewed the results.

While we attempted to survey all epilepsy care providers in the VA
system, our database, assembled from numerous national sources, was
incomplete, and we were not able to identify all appropriate personnel.
Wemade efforts to interviewproviderswho referred to the ECOEbut no
comprehensive list of referring physicians was available. We did, how-
ever, attempt to recruit providers with established referral relationships
and all those associated with various workgroups. Not every provider/
staff member within the known network completed a survey. Further-
more, we did not survey or interview any interorganizational represen-
tatives.We did, however, interview ECOE personnel from all the sites as
well as a significant number of spoke personnel, and conducted inter-
views to saturation. Additional interviews with spoke facilities may
have revealed additional information about network formation and
shed light on additional barriers to forming networks. Because of pri-
vacy issues, the RC survey did not collect data on the identity of site/
role being rated by the respondent, and it was therefore not possible
to directly link “within” and “outside” facilities at a granular level.More-
over, not every person who was also interviewed completed a survey,
although there was considerable overlap. We included in our sample
providerswith high and low/no referral to the ECOEs in order to explore
factors related to use of the ECOE for tertiary care and educational/
telehealth resources and barriers to networking.

10. Conclusion

Social network analysis and RC are complimentary measures of care
coordination. The advantage of using SNA, specifically shared patients
as the measure of connectivity, is that it is an objective measure that
can be assessed over time without relying on the provider to complete
and return a survey. Theoretically, if the data are available, the entire
provider network may be mapped and tracked. Healthcare administra-
tors can track the dynamics of their network of providers as well as in-
terventions on the network almost in real time. Interventions that may
theoretically improve coordination of care among networked providers
have been described [18], but few studies have actually experimentally
tested the impact of network interventions. In contrast, RC provides
stakeholders with detailed information on individual-level relation-
ships within each team.While RC is a more subjective study of the rela-
tionships between network provider, it provides a more granular
measure of team function. The study demonstrates the value of coordi-
nation of caremeasure, andwe hope to encourage the use of these tools
in neurology-related health service research as they may be used to
identify gaps in communication and isolation of providers within facil-
ity. Use of these measures may ultimately benefit quality of care and
outcomes for patients with epilepsy.
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